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Abstract—Macronutrient fertilizers, especially Nitrogen (N),
have contributed greatly to increasing agricultural production.
However, high fertilizer concentrations and uncontrolled
leaching of nutrients lead to an increase in unwanted
unassimilated reactive nitrogen and cause environmental
pollution. This study aims at producing film with slow-release
fertilizer. The bioplastic composite was prepared by solvent
casting method employing Carboxymethyl Cellulose (CMC) as
the plastic matrix, citric acid as a crosslinker, urea as nitrogen
source and artificial humus as slow-release agent. Mechanical
and water absorption tests were conducted to determine the
physical properties of the film, while X-Ray Diffraction (XRD)
and Fourier Transform Infrared (FTIR) analysis to evaluate
their chemical properties. The release of urea was accessed
through UV Vis spectroscopy. The optimum condition of
composite bioplastics was obtained at the composition of 4.5%
CMC, 3% citric acid, and 10% (w/v) of artificial humus with a
tensile strength of 11.59 MPa and elongation at break of
28.67%. release behavior shows the release of pure urea
particles in water was almost 100% while release rate of urea
from the composite in water is only about 11.5% in 48 h.

Keywords—carboxymethyl cellulose, citric acid, artificial
humus, urea, slow-release fertilizer

I. INTRODUCTION

Urea is one type of fertilizer that is widely used in
agriculture because of its high nitrogen content, which
reaches 46% and its affordable price [1]. Nitrogen is the
most important element and is the main element for plant
health, growth, development and good production [2].
Nitrogen is often required in the most abundant amounts
compared to all other mineral elements as it plays an
important role in most plant physiological processes [3].
However, the nitrogen use efficiency of urea fertilizer is still
relatively low, which is only around 30-35% [4].

Meanwhile, about 30%-50% of fertilizer nutrients are lost
through various means, resulting in a series of
environmental problems such as water eutrophication,
groundwater pollution, air pollution and soil quality
degradation [5]. This is because urea fertilizer has low
thermal stability and high solubility so that the nitrogen
content is easily mobilized [6]. The mobilization process
occurs through volatilization in the form of NHj; gas,
dissolved by surface water (run-off) and leaching into the
soil in the form of NO® ions and emits N,O and N, gas as a
result of denitrification which results in a decrease in
nutrient availability for plants [7]. This is a major challenge
for farmers around the world, as N loss leads to wasted
economic costs and environmental pollution.
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Slow-release fertilizers are specially designed to improve
the effective use of chemical fertilizers by controlling the
rate of nutrient release gradually according to the needs of
plants [8]. This not only improves fertilizer efficiency, but
also reduces the frequency of fertilization and the total
amount of fertilizer used and reduces environmental
problems caused by excessive use of chemical fertilizers. In
addition, the release rate of slow-release fertilizers has been
shown to be more in line with that required for plant
physiological functions [9].

Artificial humus is a substrate rich in humic acid content
with functional groups such as carboxyl (-COOH), hydroxyl
(-OH), and carbonyl (-C=0) groups and contains ion
exchange groups that are able to complex or absorb
nutrients [10]. The high porosity of artificial humus further
increases its capacity to absorb and adsorb nutrient ions on
its porous surface [11].

In recent years, film-based slow-release fertilizers have
begun to be developed. It is also expected to replace the use
of the film materials that are made of petroleum-based
materials such as polyethyleneimine, polyacrylic acid and
polyolefins, organic polymers are usually toxic and non-
biodegradable [12], which may cause a series of
environmental problems such as accumulation of soil
toxicity, consumption of fossil energy and irreversible
damage to soil [1].

Carboxymethyl Cellulose (CMC) is one of the cellulose-
derived polymers that is widely used as a film matrix
because it is easily degradable, non-toxic, relatively cheap
and able to provide flexible properties to the film [8].
However, one of the disadvantages of carboxymethyl
cellulose when applied as a film is that it is easily soluble in
water, so a crosslinking agent is needed to reduce the
solubility of carboxymethyl cellulose in water media. Citric
acid is a widely used environmentally friendly crosslinker
that provides improved water stability to polymer matrices
to form hydrogels and composites [13]. The use of citric
acid as a crosslinker is not only limited to its non-toxicity,
but also because citric acid forms stable crosslinks with
polymers containing high-density hydroxyl groups [14].

1. LITERATURE REVIEW

A. Slow-Release Urea Fertilizer

Urea fertilizer with the molecular formula CO(NH,); is a
widely used type of fertilizer due to its high nitrogen content
(46%) and affordable price [15]. Nitrogen is an essential
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nutrient required by plants. Nitrogen not only plays an
important role in the formation of plant proteins and nucleic
acids on which growth is based, but also provides essential
elements for producing chlorophyll (the organ of
photosynthesis), enzymes, vitamins, alkaloids, plant
hormones, and other materials that are closely related to
crop yield and quality [16]. Once applied to the soil, urea
fertilizer undergoes a number of biological, chemical and
physical changes to supply plant-available nutrients. These
changes include the formation of NH** cations and NO3-
anions that will be absorbed by plant roots [17].

However, if the presence or concentration of urea
dissolved in water and soil is too much, it will be broken
down into N2, N2O and NH3 gas. These processes can cause
negative impacts such as water eutrophication, groundwater
pollution, air pollution, and soil quality degradation [5].
Therefore, a method is needed to regulate the release rate of
urea fertilizer so as to control the loss of nitrogen nutrients,
increase the efficiency of nitrogen uptake by plants and
reduce the risk of pollution in agricultural ecosystems due to
fertilizer use. Slow-Release Fertilizer (SRF) or commonly
known as slow-release fertilizer is one method that can be
used to regulate the release rate of urea. SRF can be defined
as a fertilizer that extends the availability of nutrients for
plant uptake after application. When compared to
conventional fertilizers, SRF has a lower nutrient release
rate, is able to extend the availability of nutrients for plant
uptake and reduce nutrient losses to the environment [18].

B. Artificial Humus as Slow-Release Agent

Humus substances play a vital role in plant nutrition and
soil fertility. Plants grown on soils which contain humus are
less stressed, healthier and more productive and harvested
food foods have a better quality [19]. Humus can be divided
into humic acid and fulvic acid according to their molecular
characteristics and functions [20]. Fulvic acid may directly

eliminate pathogens by inhibiting their mycelial growth [20].

Humic acid benefits plant growth by promoting cell growth,
photosynthesis,  endogenous  hormone  biosynthesis,

phosphate uptake and secondary metabolites production [21].

Humic acid is a polyelectrolyte macromolecular
compound rich in functional groups (i.e. carboxyl, phenolic
hydroxyl and quinone groups), providing the possibility to
incorporate exogenous N into its structure through chemical
reactions [22]. However, most humic acid applicated in for
agricultural production and environmental protection
currently refers to the species formed in soil, peatlands or
lake [23], which obviously limited the large-scale
applications of humic acid, considering the non-renewable
of natural resources. Furthermore, the unpredictable
diversity and structural heterogeneity are another limiting
factor for humic acid being extensively used [24]. Thus,
developing new methods of producing humic acid from
renewable sources is urgently needed for sustainable
development.

However, the production of humus is slow due to the rate
of biological metabolism and is limited by microbial
contamination and foul odors [25]. Hydrothermal processing
is a quick and efficient method to convert biomass of wet
wastes to more valuable materials, while avoiding energy
consumption during the drying process which was later
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named artificial humus [26].

C. Film Based Slow-Release Fertilizer

In recent years, film-based slow-release fertilizers have
begun to be developed. Carboxymethyl cellulose has non-
toxic, odorless, water-soluble, and thermally stable
characteristics, making it capable of forming flexible and
strong films [27, 28]. Some studies show that
carboxymethyl cellulose-based films are superior when
compared to other polysaccharides due to their high
molecular weight and molecular interactions [29]. This
makes carboxymethyl cellulose a promising biopolymer
to replace non-degradable polymers in various
applications [30].

However, the utilization of carboxymethyl cellulose as a
bioplastic matrix still has limitations in the form of weak
water resistance [29]. This is not only limited to
carboxymethyl cellulose but almost all biodegradable films
have low water resistance [31]. The limitations of
carboxymethyl cellulose can be overcome by modifying it
through blending with other polymers [32] or modifying it
by adding cross-linking agents such as citric acid [33].
Salihu [13] also confirmed that carboxymethyl cellulose-
based films use citric acid as a cross-linking agent.

Citric acid is a small molecule organic acid with
biodegradable and non-toxic properties. Citric acid is easily
dehydrated and forms a reactive anhydrous that can undergo
esterification crosslinking reactions with hydroxyl (—OH)
groups on other polymers [34, 35]. Habibi [36] revealed that
the interaction between KMS and citric acid occurs through
the hydroxyl group (-OH) at the end of the KMS chain
(KMS backbone) will bind to the carboxyl group of citric
acid to form a KMS-KMS interpolymer interaction.

I1l. MATERIALS AND METHODS

A. Materials

Carboxymethyl cellulose, Urea (CH4N:0), citric acid
(CeHs0y), artificial humus, 4-dimetilamino benzaldehida (4-
(CH3),NC¢H,CHO), ethanol (C,H:O), Hydrochloric acid
(HCI), aquades (H20) procured from Sigma Aldrich.

1) Preparation of artificial humus suspension contains

urea (AH@Urea)

0.15 g of urea (the urea content was calculated by sowing
about 10 g/m?) were dissolved in 5 mL H,O and 5 mL of
various artificial humus (0%, 5%, 10%, 15%, and 20% w/v)
were sonicated for 15 mins.

B. Preparation of Carboxymethyl Cellulose/citric Acid

Film

Using the casting method, a CMC/CA was produced.
Initially, 60 mL CMC 4.5% and 50 mL CA 3% were
mixture and stirred for 1 hour. The homogeneous mixture
was then poured into a 10 x 13 cm glass meld and dried in a
60 °C blast oven for 24 h. The resulting film were tested for
mechanical properties and water solubility.

C. Release Behavior of the AH@Urea-loaded CMC/CA
Film in Water

0.1 g of the film immersed in 10 mL of H,0O, and after 0,
1, 3,7, 24, 48 h of release, 4 mL of each film solution was
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collected. The phenol colorimetric method was used for the
color reaction. The amount of urea released from the water
was determined using a UV spectrophotometer.

D. Characterization

The film was characterized by X-Ray Diffraction and
Fourier Transformation Infrared Spectroscopy (ATR-FTIR)
in a range from 4,000 to 600 cm ™2,

IV. RESULT AND DISCUSSION

A. Mechanical Property

The effect of AH addition on the mechanical properties of
films is shown in Fig. 1. It could be seen that the tensile
strength of the film increased first and then decreased with
the increase of artificial humus but the addition of artificial
humus decreased elongation properties of the films. Humus
substances contain humic acids that rich in functional
groups i.e. carboxyl that reacted with urea to form humic
acid/urea complexes. Further, the complexes crosslinked
with CMC/AS to form a relatively dense network structure,
which improved the tensile strength of the film [23]. Too
much humic acid will lead to the excessive crosslinking
density of the system and the gradual decrease of the
mechanical properties. The best mechanical properties of the
film were obtained when 10% AH was added, and the
tensile strength and elongation of the film could reach 13.89
MPa and 29.92%, respectively.
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Fig. 1. Effect of different AH addition on the mechanical properties of the

film.

B. Water Contact Angle and Water Absorption

To investigate the effect of AH addition on the
hydrophobicity of the films, we examined the contact angle.
As shown in Fig. 2(a) the contact angle of the film
decreased with the increase of AH content. It is because of a
large number of hydroxyl groups in AH, which are more
hydrophilic than film without AH. Fig. 2(b) shown that the
addition of AH increases water absorption. Due to its
hydrophilic nature, AH can absorb water molecules and
increase the water content of the film. In addition, humic
acid/ urea complexes introduced many hydrogen bonds that
had certain hydrophilicity [23].

C. FTIR and XRD Analysis

FTIR spectra provide information about the interactions
between the functional groups of the different components.
The FTIR spectra of components of the film are shown in
Fig. 3 (a). The spectrum of pristine CMC shows a small
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peak at 2,924 cm' related to the asymmetric C-H
stretching, and a band at 3,425 cm™ attributed to the O-H
stretching. The peaks at 1,419 and 1,589 cm™ are ascribed
to symmetric and asymmetric stretching vibrations of the
carboxylate groups, respectively [37]. Additionally, the C-
O-C stretching vibration of the polysaccharide skeleton can
be observed at 1,057 cm™ [8], and the O-H bending
vibration is found at about 1327 cm™ [38].
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Fig. 2. Effects of different AH additions on the film: (a) contact angle and
(b) water absorption.
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Fig. 3. (a) FTIR spectra of film; (b) XRD patterns of film.
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The spectrum of the CMC/CA mixture shows that CA
acts as a crosslinker through the formation of ester groups
between the carboxyl groups of CMC and the hydroxyl
groups of CA. This is reinforced by the appearance of a
strong absorption band at 1,719 cm™* along with a shift and
decrease in the intensity of the absorption band at 3,461
cmL. After addition artificial humus in composite, the
double bond characteristic peak of urea did not appear in
3,500-3,300 cm™?, indicating that it might be covered by
hydrogen bond or existed as a complex form of urea and
humic acid. The stretching vibration peak of the C=0
double bond of humic acid/urea complexes at 1,644 cm™?
confirmed that reaction did occur between urea and humic
acid.

X-ray powder diffraction is a useful technique to get
information about the crystal structure. The XRD patterns of
CMC, CMC/CA, CMC/CA/Urea and CMC/CA/Urea/AH
composite are shown in Fig. 3(b). The broad peak centered
at 20 =20.54<in the pattern of CMC is indicative of its
amorphous structure [39]. The addition of citric acid causes
an increase in intensity as well as a peak shift to 20 = 24.5<
While the addition of urea or artificial humus does not
provide significant changes, over all it can be said that this
composite film is amorphous.

D. Release Behavior

The release rates of the urea in composite and pure urea
are listed in Fig. 4. The release of pure urea particles in
water was almost 100% in 48h without stirring. If compared
to the release rate of urea from the composite in water, it
shows a gradual release and within 48 h the release rate is
only about 11.5%. Based on the nutrient release of no more
than 15% within 24h, the composite can be categorized as a
category 1 slow-release fertilizer when referring to the
international standard 15018644, which defines three
specific criteria. First, within the first 24 hours after
application, the fertilizer must not release >15% of its
nutrients. Second, in the first 28 days after application, the
release must not exceed 75%. Third, by the specified release
date, about 75% of the total nutrient content should be
released [40].
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Fig. 4. Release behaviors of urea in water.

V. CONCLUSION

The current fertilization system adversely affects the
environment and wastes fertilizer use. In this study,

49

CMC/CA/AH/Urea slow-release fertilizer was synthesized
using the solvent casting method to improve the
effectiveness of fertilizer use. The addition of artificial
humus at 10% gave the best mechanical properties of the
film. incorporating urea into the composite film showed
controlled release when compared to the application of urea
directly in the environment.
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